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Research  Objective: 

To  implement  spectroscopy  of  ultrasmall  conducting 
particles  (metallic  grains  and  clusters)  with  high  spatial  and  energy  resolution, 
using  a  dedicated  scanning  tunneling  microscope/spectroscope  (STM/S). 
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Report  Period  Objectives: 

To  create  a  reliable  room-temperature  scanning 
tunneling  microscope/spectroscope  with  a  new  type  of  piezo-electric  actuator, 
which  could  be  readily  redesigned  for  operation  at  low  temperatures. 


Collaboration: 

Brookhaven  National  Laboratory 
(Dr.  M.  Strongin,  Dr.  Z.  Rong) 


MAJOR  RESULTS 


1.  New  STM/S  Concept 

Despite  a  broad  proliferation  of  the  scanning  tunneling  microscopy  and 
spectroscopy,  commercially  available  instruments  do  not  allow  convenient 
operation  at  low  temperatures  (which  are  necessary  to  achieve  high  energy 
resolution).  The  major  problem  is  that  virtually  all  these  instruments  use  some 
sort  of  mechanical  system  for  coarse  adjustment  of  the  scanning  tip  position 
("coarse  approach"),  which  is  unacceptable  for  operation  at  very  low 
temperatures  (especially  below  -  IK).  The  major  goal  of  this  project  is  creation 
of  the  STM/S  which  would  not  require  such  a  mechanical  system,  but  have  an 
electrical  remote  control. 

As  the  first  step,  we  have  designed  and  fabricated  a  room  temperature 
prototype  of  our  planned  instrument,  which  should  be  used  to  test  its  following 
features: 

1)  a  new  electrical  remote  control  scheme  of  the  coarse  approach; 

2)  low  vibration  noise; 

3)  a  compact  body; 

4)  easy  change  of  the  tip  and  sample. 

Figure  1  shows  schematically  our  STM/S  head  which  is  1.5  inches  long 
with  an  outer  diameter  of  0.75  inches.  The  piezo-tube-scanner  is  glued  onto  a 
quartz  rod  which  sits  on  four  shear-motion  piezo  plates  ("legs").  These  plates 
are  glued  inside  a  60  degree  cutoff  of  the  Macor  body.  The  quartz  rod  is 
clamped  from  the  top  by  a  spring  (BeCu)  wire  in  a  Teflon  tubing.  A  substrate  with 
a  sample  can  be  slid  right  from  the  front  into  its  proper  position  under  the  two 
tungsten  wire  springs. 

When  voltage  on  all  "legs"  changes  simultaneously,  the  scanner  follows 
them,  and  it  jumps  back  slightly  when  voltages  on  individual  "legs'  ramp  back. 
The  main  point  is  that  the  forward  movement  exceeds  backward  jumps.  Thus 
when  a  proper  voltage  sequence  is  applied  to  the  piezo  plates,  the  quartz  rod 
can  carry  the  STM/S  scanner  and  tip  to  move  along  the  cutoff  to  bring  the  tip  to 
the  tunneling  distance  with  the  sample. 
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The  STM/S  electronics  (Fig.  2a)  was  purchased  from  RHK  (Model  STM/S 
100).  An  additional  high  voltage  board  was  added  to  provide  up  to  eight  high 
voltage  outputs  for  the  coarse  adjustment.  A  Keithley  current  amplifier  (Model 
428  Revision  G)  was  used  for  spectroscopy. 


Figure  2. 


2.  Testing  the  Room  Temperature  Prototype 


1)  HOPG 

We  have  found  that  our  room  temperature  prototype  allows  us  to  obtain 
atomic  spatial  resolution  on  HOPG  graphite  samples  without  any  vibration 
isolation.  Figure  3  shows  the  hexagonal  superstructure  on  graphite,  with  a  period 
of  65.8A,  obtained  in  this  way.  Direct  measurement  of  the  angle  between  lattice- 
vectors  has  confirmed  that  the  superstructure  is  a  moir6  pattern  caused  by  a  2.1 
degree  rotation  of  the  topmost  (0001)  plane  with  respect  to  the  bulk.  The  STM/S 
corrugation  of  2.6A  is  not  due  to  physical  bulking,  but  to  differences  in  electronic 
structure  between  AA-stacked,  normal  AB-stacked  and  rhombohedral  ABC- 
stacked  graphite.  The  high  tunneling  current  of  AA-stacked  regions  is  in 
agreement  with  the  high  density  of  states  at  the  Fermi  level  calculated  for  AA- 
graphite.  The  moire  pattern  changes,  both  in  the  amplitude  and  shape,  with  u.a 
dc  bias  voltage.  This  observation  provides  a  ground  for  a  comparative  study  of 
surface  electronic  structures  with  different  subsurface  layer  configuration,  which 
is  a  vital  test  for  our  understanding  of  STM/S  operation. 


Figure  3. 


Several  other  samples  were  explored  as  the  potential  candidates  of 
substrate  for  supporting  metal  clusters. 
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2)  Au(1 11) 


Gold  films  were  deposited  on  green  mica  substrate  which  were  baked  at 
440*  C  for  18  hours  at  pressure  3-1  O'7  torr.  1500A  of  gold  was  evaporated  with 
the  speed  l.sA/s  in  a  vacuum  better  than  8-107  torr  at  the  sample  temperature 
440*C.  After  annealing  at  the  same  temperature  for  1  hour,  samples  were  slowly 
cooled  down  to  the  room  temperature  (it  took  2  hours). 

Our  experiments  have  shown  that  these  films  have  atomically  flat  regions 
-0.1  pm  wide.  Figure  4  shows  an  unfiltered  STM  image  of  such  a  region.  One 
can  see  a  hexagonal  lattice  of  2.9A  in  periodicity  and  0.1  A  z-corrugation.  The 
measured  value  for  the  interatomic  spacing  together  and  the  absence  of 
corrugation  lines  has  allowed  us  to  conclude  that  what  we  see  is  a  metastable, 
unreconstructed  Au(1 11)  surface. 


Figure  4. 


3)  C6o 


On  the  top  of  some  of  Au  films  described  above,  1.7  M.L.  of  C6o  was 
added  by  evaporating  C60  powder  (90%C60/10%C7o)  at  500°C  with  a  speed 
between  0.1  and  0.6A/s. 
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300A X  300A 


Figure  5.  Figure  6. 

Figure  5  shows  an  STM  image  of  Cgo  on  Au(111)  substrate.  The  circular 
hole  has  a  depth  of  8A  which  matches  the  expected  value  for  a  (ill)  step  on 
bulk  FCC  Ceo-  We  were  able  to  identify  the  higher  flat  region  as  the  second 
atomic  layer  of  C60,  and  the  region  inside  the  hole  as  the  first  layer  which 
contacts  the  Au(111)  substrate  directly.  The  relative  area  is  consistent  with  the 
1.7  M.L.  coverage.  On  both  layers,  we  were  able  to  observe  hexagonal  arrays 
of  intermolecular  spacing  of  10A  with  tip  biasing  well  below  HOMO-LUMO  gap 
voltage.  Figure  6  is  an  example  of  300Ax300A  scan  on  the  first  layer  at  124mV 
tip  biasing.  The  brighter  spots  are  speculated  to  be  C70. 


Figure  7.  Figure  8.  Figure  9. 

It  was  interesting  and  important  for  us  to  explore  overlayer  growth  of  a 
metal  on  such  a  Cgo  film,  that  may  reveal  the  nature  of  the  metal-fullerene 
interface  (Au  clustering  on  top  of  the  Cgo  bulk  has  been  observed  earlier  by 
photoelectron  spectroscopy).  We  vapor  deposited  2A  of  Au  on  the  C60  film  with 
an  evaporation  speed  of  0.1  A/s. 
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To  our  surprise,  the  morphology  of  the  film  changed  enormously  (Fig.  7) 
after  adding  the  Au  overlayer.  Comparing  this  image  with  one  shown  in  Fig.  5, 
we  can  see  that  the  first  Cqq  layer  remains  flat,  while  the  second  C60  layer 
becomes  a  granular  structure  with  an  average  grain  size  of  80A  in  a  quasi-close- 
packed  array.  A  closer  look  (Fig.  8)  shows  that  these  are  C6o  grains  with  an 
average  corrugation  of  3A.  Au  clusters  could  also  be  seen  to  sit  both  on  top  of 
the  regular  C60  structure  (Fig.  9),  and  on  top  of  the  C6o  grains.  In  fact,  the 
roughening  of  the  initial  Cgo  surface  could  be  expected  due  to  the  strong 
interaction  between  Au-Cgo  (chemisoption),  but  details  of  such  a  change,  to  the 
best  of  our  knowledge,  were  revealed  for  the  first  time  in  our  study. 

3.  Low  Temperature  STM/S 

We  have  started  to  redesign  our  scanning  head  for  low-temperature 
operation.  In  order  to  compensate  the  drop  of  piezoelectric  response  at  low 
temperatures,  we  have  replaced  the  single  shear  piezo  plates  with  3-layer  shear 
piezo  stacks.  Three  KEPCO  bipolar  500V  power  supplies  (Kepco  BOP  500M) 
were  used  to  drive  these  stacks.  The  low  temperature  STM/S  head  was 
suspended  on  four  cotton  strings  inside  a  copper  can  (1.5  inch  in  O.D.)  with 
Indium  O-ring  seal,  which  could  be  inserted  directly  into  the  neck  of  a  standard 
helium  storage  Dewar.  Preliminary  vacuuming  was  performed  through  a  3/4 
inch  I.D.  stainless  steel  tubing  pumping  line.  Temperature  is  controlled  by  an 
Omega  controller  (Model  CYC91),  with  a  Si-diode  sensor  and  a  resistive  heater 
mounted  on  the  STM/S  head. 


We  have  successfully  operated  the  low  temperature  STM/S  at  both  -77  K 
and  -4  K.  For  example,  Figure  9  is  an  atomic-resolution  image  of  graphite  at 
5. IK.  However,  more  work  on  this  design  should  be  carried  out  to  make 
operation  the  low  temperature  STM/S  completely  reliable.  This  work  is  in 
currently  in  progress. 
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